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(54) METHOD FOR SCHEDULING INSTRUCTION STRING 

(57)Abstract: 

PURPOSE: To provide a method for scheduling instruction 
strings usable in the RISC computers of a wide range in 
common. 

CONSTITUTION: A DAG generation part 12 analyzes 
instruction dependence relation DAG (121) from an 
assembly program 2 and an SMD generation part 13 
divides an original instruction string into plural strings 
respectively composed of a part of instructions to be 
successively executed and generates a string merging 
diagram(SMD) 131 for specifying the mutual dependence 
relation of the divided strings and the levels. An instruction 
scheduler 1 1 uses the DAG and SMD and searches the 
instruction string for which execution time is minimum or 
close to the minimum while rearranging the instruction 
strings corresponding to genetic algorithm. 
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(54) BfB9i<0*#] 



(57) («EIE#) 

[fljflc] DAGMl 2^T^>7U7°P^7A2 
i)^^$i?i«DAG (12 1) £#MffU SMD4 

?><Z)L/-^;i/£li;£-r£* h V >P^ — ym (SMD) 1 
3 1 &£.)$ 1 t&o ^^rya»7 1 lttdCDDAGi: 
SMD fcSffifflLTltfTB#ffltf*^&St^tt^nt:iS^ 




1 

T, *ft&©**©H©te#H«&#ia]U 
(b) ii^TJUrf U fctt^-C«rj£©ffl-JM|T?©K* 
*5iJO*fTKFIH€'J?S: < f *, K*Jg«3ftfc#<fr|ffl©#i 

&Mmzmtzi-&v%z_mm*nmL, *©s*hu (b 
i) ^ti^^wj^tife^^o^i^ii^siifc-r^ 

(b2) K««©WJ«1fttt©ffltf:4liflsL-?\ KW^CW- 
J*ttrT?©5*frB$|fflfc:B8bT* SMaS©8JlW1ftfS©fflf*© H 

o -r ti j: o a? ntz mum x mmzmtm m<D 

£fi£U (b3) SjSfcSftfcttROifeffittfflofflflcfciSB 
Wi$ffiftffl©fIf*©TCfr D tffiffl LT^r'V r(b2)(b3) 

*aas©«»oiftf^t:tifco-caiSb. (M) int 

(c) KSBsftt:J;»)We)jx*:MV#*J!8«fc:fieoTl!E*^- 2C 

[tfsRil 2 ] * 5 1 y r'(b2 )«\ 
iglI^©^ffi^©fi^T^^tL53£t>-#x.Si^t J; o 
§£f*J^?iJ * &Z>'#x. £ i: # \zm h ti -5 ^?!J©S^© 

»«»©«I«B1ft«©ffl<*:t:«f^©afP*iE b, mtzttifr 

^©a£v#AJBa**-ra»©^«<**4jisu, 

&W®L(D&Wzmfo-C * £ *l 3 36 Iff x tc «t o gE#<^ 
?ij * 3fei>-# x. fc t ft t f» *> ti s ©laws© tre«i 30 

T?©!ltTB3liB*SHffiU 

EE«*©8W81£tt©flH* i: &%8(©£Jf£ffl#ft> 6 , 

^©itsar- ®^ff mm a s *§*ta<j c 4> & t ^i^©<i# £ 

So 

-& £/j£-r S^ry/S^?, ic^tf 3 83il©^?iJ 

^^©•oti^©^©^ ❖ -r 7="- * ©-as & ^ 
©«*#£/&£ titzmtzm%.m.<DMfc%:mi%i- -s r-*- * 50 



(2) KI?7 - 1 1 0 7 6 8 

2 

©-ss*-t©fflfl5**a-r36v#^jBatiat^v®^.ii8 

i: g idf^ 6 *x4#^J©R^©ffl-|H|-tf ©stfr^piH* 
tMBU 

mmompfrmmi* t zowmm^vmmztt i-rm 
10 i6^fif*hS]^i*{t©«*©— o*a&u 

±§B£/j!u ±§Bf¥fffis ±IBil^S-l2]J^tt^©fl!i©as© 

iStf^tlfeltlfc ©«*£, KIIiS©W^1S«©flll^©{t 
t) t) tl^lia©«*W©^fig(zffiffl-r ZXt- y h 

iz m t z> 4 s3ffi©ifr^y 7. v v n. — jv^m 0 

20 [*S^H7] »«»©IMBmtt©ffl#:fcMr*K«f«© 
»ffT?^$tifea«©ffl«ct:Hr-6R«r«©t1-»«t? 

5 mmm 2 mm^^m^ >r ^ — 0 

Cs|3j$J18] «DS81tt^©#ffl#:tt, — 
30 § v-y^tSifi,^ 1 ©r-^ 

i>mmzmm-tz>m2<D ; r-$ t^mnm% 1 sBflig© 

/fobTi&tt^ftfc, ^-jx^ti©^ h 'j ><?"i*)©a^©^ 
^*w-ratt©gp«-*>e,ft4* 1©^-^ sage© 

^ h U >^'©v'-^JIIff$^1-^2©7 :: -^S:$tS'ISA}< 
0 IH 1 aB®2©^^?iJ^ v -;u^5ft 0 

1 0 ] wmvtftcD&mtt-ooi&m 1 ©5^— $ ©§ 

^ h U >^'(c^^5a5^-!i v ^©^ h U >^"t®t-4 

©^ h 'j >^"{c«'r-i)aa!!:©^^-©{ua5:Ji^i--55 :: - 

* & £> lisRJS 9 13«©^^?ij^ ^ v a. r£ 0 
l) Ji^ 

««3«B1Sf^©ffl<*tM bTK^ 1 ©t'-* fcRSS 2 ©7 s 

-^*7>n«^tii^? b> 
3 ^©yi^^^y^i, 



3 

s^ts^r^mn natjfl 9 ib«k©^^jx ^ 
* ti^ti©fHf**r (c ji -r § — o<z)fif**^T s 

*l©^-*££«rs£:4aj£;*ftfc 2C 
Rg§ 1 ©^-^©ft, R«j&©* HJ>>7© 

U 

±K¥US©*S*x ^©^-d^S^^a^j^sftfc 

^©«*^(Z)^T^n^nco{@f*©^2cD5 :: 
-^^^T^^^^r^^-r^flARjgi lfB®©^ 

1 3 ] »«HWiS«{c:«ff S«sr^5=-' * rj±, 30 

-^0-jSS7>^AI:fe5Ltx «ft©SS#SSBflIf*; ' 

R?— «t 5W6nfe«i»©^X^<l«:©=&^ 
i»7 u 

^Stifc ^©flf:$:©g! l©^— #©-5 

R^ifc©;* h ! J >7©F*g(Z)o-rn(cH*r5gB^ssEjS-r 40 

^©^©Rail©^-*©?^ RSygSixfc* HJ 
S^f^^^t 3§iM<J@ 1 2I3fe©^^U^^v3.- 50 



(3) «H¥7- 1 1 0 7 6 8 
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•f^-Z iz&mt % z 1 1 <t D 'J>& < h t, -o©»/5JrgJ 

ms. ikcomm&Mmw. t ^ © tttt ©m$ iz Ft l t m 

R*S»©^ b U >P<D'Ptz < £:&-oi:^©;x hij>/7* 
l*J©if?&©^©^& < £ 4, — oSrjglR L N 
^©#J$m^©fSf*©fg l©^— *©|*K ^©ilJR^tl 
fe*^©v-s;ffiH{c|l3-rsa57>Sx ^©SBl©^— * 
^(C^rv-^egc7D^D©{ugT$)-DTs ±13^ 

h©«c#bi^ j: o ff g $ n § jia ^ ^ -r ^— * £ 

So 

SSJ«BtSW©fllflctcWbT^ RffiSR©^ b U >&&£ 5 
[Sf^RJBl 6] *fJJSiJ$nfc^H©^M^{ca^^ 

o t, ±E7n^^A©±ga*^j*, ^n^mssic^ 

#M«tf*4««©««A*e,3S:S«[ft©gB7>*^J U 

^©^{■c^stL^cfcdc 7>syus 

'J > ^ t $ S ti 4 «» ©^ © B © ±I3^J^'J s n fctt 
*Mf^i^ac5UT, R«»©^ h U >4HH©flc#H#£ 

WWffift©*^©^^^ y 7{i, R^ h V >?r3(D 

&ftm&iz&-3^x. ^©flatts^-ra^^^rs* 

) IT § If 5RJH 1 S&m(D^m ^^rya 
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©* h U >^*J; 5 u^;i^coi£u-oxttligKfiDft!icD^ h 
U>^fcaBRU 10 

6 I3«©ifr^5!J * ^o. — ;i/JS 0 
[!SaRJH 18] U >« r t^LTiltR* tlfc— ox 

§* h U >^fiCD&tflH*<Z)v— ^ffiBi: Lt\ b 

It, 

o 

(is 

(b) mm^titzin^mm^m^^x, z&^m*, *b 

(c) ±83* h u ^-rsfeS)©^ h v >?m 

(d) £3£V«;iflS«£ Jt; OJi^Siifc, * h 'J >^«i; 50 



(e) S^v»iJB«tWLTW6iifc*^J*^a)ff 

m y u -r 4 1 *&g & nfrn# m * mm u 

(f) RasoaferjfWAJBatiwbTW e>nfca«6D#^ 

[1S#*H2 2] ±S3#* h U >y®a»cD^07-j; 

^^titz~?-is m ji & v- - l , 

u >^t^snsajs<D*^©p^©±33*jsy^nfcffi# 
h u >yra©flc#M«icai-5v%Tx #* h u 

A $ *tltWLTflc#lil^S:*U ±l3ft«*tLfeU^U 
tfcfc Ofi^fSCJfe* h U V^'fcSL, ±833pJ3'J$tifc* 

[!»*JEH2 5] ±83* h »J >^"JH©*}g^f 4*^^ 7" 

±ib* h 'Jv^JHiSM-rs^^^rji, dcD*iH?ysn 
fcb^AjiiM^iB^j^n, (5j— cDu^;i/{cM-r4 j ^ 

^*#-T5W3KJH2 4I3iTS^^^?iJ*^^zl-;i,^^o 
[IfS<JS2 6] ±g3=§-* h U >^cou^;b$ : a i ^-r'i>* 



7 

fft^J * T V a. — ;i/^-So 

[M*il 2 8 ] ±13*5;£©irm$§©;ftf jtt#<# L&l^ 

Jii {3 j; (3 ©yy s# ^ Jip^jg^ t -5 * ^ y 

it, 

—o(DX h 'J >PMt&Z h 'J >^©&i^© -v-i^S 
f&U 

t ft # -r § ^ jii t- £ s -r 3 * ^ r £ * -r * n mm 2 1 

[0 0 0 1] 

iTfe^©^^©^!?*. (Xiryj-A) C^rStH 
U #iCRI SC (Reduced Instruction Set Computer) 

[0 0 0 2] 

Si5H^T-AtL#xT^©t4fg$^ltmt-Sequence Opt 
imizerASfiM&fSiySrJilfel- o t£s££ 51 § \httz tote 

t lift Rsnmm % §§©*$$; t ^©n^ t l j& « 

M^A#^SfT^^A s feSo 0S*H, Phillip B. Gib 
bons.etc, "Efficient Instruction Scheduling fora 
Pipelined Architecture", Proc. SIGPLAN '86 Symposi 
urn on Compiler Construction^ J l—16(WT&ftl:$:iSR 
[l]£«¥-50fc:ttS£ii4J;-5fc:, tfc*©*<frA&A;efSe 



(5) - 1 1 0 7 6 8 
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[0 0 0 3] 

[%mtm?k\,&o tr-ssRH] ±i3©@^6<3^^y© 

^ 5: H V i tz A T- it T ^X © >r - * £ < f t> t: 
5St3fil>-#x^iy^^S1-5^M* s Sofe 0 ##6BJi© 

■2> d <h ~£;tfc -5 o 
[0 0 0 4] 

©H©tt#H«**IB'JU (b) aettTVi/zfUXAfcrfiE 

[0005] mm, i com%<D x *> ^fowjttmm*. z 

*H«*43JJS'JU R*^BB©««#B8«fcR^ h U >^H 

[0 0 0 6 ] ££tc, *^2co^60S(c c fc^^^iJ^^ 
^zl— ;u^ffi{i x (a) 7-n^^ASr<Sj5E*rs^^yy*#p 
WLT, *iie>©^©W©«#IBffi*i|aJ8iJu (b) $»J 

©^t3^^ii^i:-5tc, ^fyu, (c) ±IB^h»J>^$ 
^-T^&KxZ)^ h 'J >^"JSt, * ft ^ ft CD* h >J > 

^^^^^^^^ft^ftv—sz-r^^^oD^ ^ft^ti 
vffiii tfrh * ft-eft & s«»oaevg A jg^i^jig 

.ifcitSU (d) *a6lf#*J»atcJ:!3jgS$ftfc, *h 

v-s/u (e) &&uw^mmizptLxmbntci$^i 
it w« © n- »t -r * t & m umnm m * mm l ^ 
( f ) mmm<D ae v» a js« tc «■ l t » e> ft t 

(e)£<fc D»e>ftfcffF<ffij|g«tc*^i>Ts ±83t^©If 



(6) 



7 - 1 1 0 7 6 8 



[ 0 0 0 7 ] 
[0 0 0 8 ] 

( i ) mmmcDmm 

5. fcfciKR I S C#j7'(DnmM2 0 0 0 

%>o fu#te\ ^sfei&ag^s (CPU) loo, <rcocp 

UCD^ffijfi^Hi: LTffiffl^nS^^EU 2 0 Os ^ 7 <{ 
MB««f 3 0 0, ^-F^^©AMI4 0 0, 
^^ya-;i/©|gI^^4^t^jtfe£Z)CRT 5 0 0 
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ffl^nSo ^ U 2 0 0 V-^7D/77AU7 

s*^j^^r^i— 5 1 1 ttmmztiZo 
[ o o o 9 ] *mmmx&, :©7^y2-7ii^ 

74r>7'jra?7A2*g*fLt. ^Xn X^ A£) 

HC^Mffifeft-r^^ttSffWfH (Dpendency analys 
ysgrapf-DAG) 1 2 USSfcfcfei:, Z(D7n# 

X h U >Xv — (String merge state daiagram- 
SMD) 13 1t*j|5 0 Cft6®««S^I:U 
^X:>*^ — ^ 1 1J4 X CC07D?7 ACD#^'JCD36 

t, * h >j >^\^(D^(D^-^{iLm^mTmmx$>^ 

7s V U>X^ — (String mergestate — S M S ) 



U >Xv — — X (String merge order- S MO) £ 
oa^HOU^ i 4 0 7 §ftit^ ( f.-5(:& 

7AS4figu ^fr»^2ooo (02) xmm^mn 
lx, ^fDmifcrntLxommmzmfeL, zcdmlvf 

10 [ooio] t<t N *nj£^j"e»±^ «^jcDaev#* 

ffi££f«tf*4 0 .tDIftlStlt 7D^7A*#«H 

[ooii] *©fltcDi$atteiTTK«a-r5o 

[0 0 12] (2) ®fe^7Vl/3 UXAfclcfcSiflH^M 

it£A<jr;b=2 UXA (Genetic Algorithm 
Satfe^o {fllAfc^ D. E. Goldberg : "Genetic Algo 
rithm in Search, Optimization and Machine Learnin 
g", Addison— Wesley, 1989, pp. l-23(WT##;fcSK[2] 
30 tnf^s) H. Muehlenbein, D. Schlierkamp— Voo 

sen : "Predictive Models for the Breeder Genetic A 
lgorithm I. Continuous Parameter Optimization", Ev 
olutionaryComputation 1, MIT Press, 1993, pp. 1-18(W 
T##*tt[3]i:i*-Js) #bs 0 aettTVU^UXAtt, 

(OX, 8f»«^tt©^bKt,*Bi£<^/iST-&5o 
[0 0 13] fflfia^7';U^ , JXA«:^^5 ? iJCD36^#x.^ 
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©ffiatc m bfi£ t) ogs^y h & t» x * tt^Ji?!j*ST 

&ft<ftSo fi£oT3<OJSStcM-rs*©^©*fIE* s 4^ 

fco 

[0014] ft is, m^7)VziVXk<DJ&m\Z&fr~D 

?U * ^ © 1+ *«tT- HfT L fc i: & © US B# ft t Slfi 1 

P3©flc# 58^ * ItSl -T 5 fe » £ fft^fl?*? ^77( Depende 
ncy Analysis Graph- D A G ) 7 j&sffl ft 

DAGttffiffitSo *^»JTi4, »f&4«fthLT^ 

l*DAG±©— &^©^^:7^*tu tg^^J 
«\ DAGtCffi^LT-, mik(DX b U >^tC^«?T-& 

&^h&^^£f^TT^&^o d<Z>j8^ RISCft 

iwsi^^w x^ >t:3sts:^^ HfTtttBtfffiT-r 
[0015] zcDtz&x b ] ) >^m(D^-iymM^mm 

h U >^v-^^?Jzj- ^(String 
Merge Status— SMS )^iAt^)o SMSzf — K CD p«g 
St** h U >^H©v — ^fi|jg( h »J 

<Di&fem&iLlZ-e £ 5 <fc -5 £ L A s *ilC05i;fti4Ai/i> 
i:A J MT-&3o *©&toDAGT-«Il£ftfciSH*H© 
ft&ZttLtzo gltm^lZ, SX b V >WSMSzi 
9cX b U >^F*3CDffi»*S1-o £x r U >^*tov-vP 



(7) ^¥7 - 1 1 0 7 6 8 
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>^©P l B b /i*3g£:X h U >^-v(a(String Merge 
Diagram- SMD)^:gftttSc 
[0 0 16] IISCD* h U 

M'JX hTr&S^ h U >^v-i/)iij^(String Merge 
10 Order- SUO)t J;-SsJ5!l©=f — K£a»A*f5o SM03 

So D AG©$i]^|^TCD^yiJCD^^#x.J±^ h U > 
?*ffl]&T2>$t 4 fc<Dm&&&jL'rx b 'J >^7*^CDV- 
^ ( Jg-g- ) JRS (D ft % $L £ * © T% © 36 «SS 

Xby>PZ£<DSMSzi--\!£V>£-o<DSM03 

[0017] afEWr;i/zf 'jXASrua-r^fctotcti^ 

££ N N HF/fiSfS (Local Search). Crossover ^fe 
iiRecombination), ^«RS!S(Mutation))^©aefl<jJ* 
20 {^(Genetic Operation) Sr^g-T Z>o ^MM 

m~&t±tR(Dm&¥mm&m^x, sexumi^ 2ocd 

iBfs^Jg^H^CD^^^ h 'J >^CDSMS^? — h"0D^ 

l^ft^ u^^^;i/^cd s M03- b<D^t^mt 

MSu — Kftl^L31JRbfcU^;V8¥6DSMO=3 — K © ?g 
Sffi*^©^Hi:^a-r So if/fiS»imiSMS3- 
Kft^bSMO=J— KCD-5^CD1 ^pjfCD, M^CDE&S 

*t)&?)-r otaftpmgffi-NCD^s^^^i-So sxhu 

30 'J > ^OT-s;©gJESSSt S M O 3 - KilCDffiStfr 

rf»i*frft a cdt-, ^©fm«6D«jitc«cfiF bft o 
?)v ^ u x a ssiat s fc tc $ & , M/©K6Dip<ffi *s 

asicp^-rso 

40 [0018] (3) 1 1 CDf¥*ffl 

rn^A 1 *63>;W ^ 1 1 iz J; Dff ^ntr'-tr> 
I4l:V-^rD^7^ 1 ^WW^LTft ^tLST 

«f$-rs^^R i s cim$si*]CDu v^^^s^-. si 

2A*f--^ft^L^n5«t^Uy^^f^ Hit} 
r-^£§}$t^l/y^^.M5^t o 6, 8, 11, 
50 1 8S^©<fcaft±l3fSSB* a e>©P - H/^ h7^ 
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to 

[0 0 19] 7Hz>^«jrn^7A2lt tft^;**^ 

— ^ 1 1 j: !9 , wT^ct-stias^nso 

(3-1) DAGflfejgRSBl 2 

G 1 2 l#£«$ftj 0 DAG 1 2 1 0£j5)£tt, fci;* 
&\ Jeanne Ferrante "The Program Dependence Graph 
and Its Use in Optimization" , ACM Transaction on Pr 
ogramming Language and Systems, Vol.9, No. 3, July 
1987, pp.319— 349(WT##AiK[ 4] tW&)tetlZ^ 

7A*e»4^nfeDAG i 2 i *i2 5^^-r 0 

■5^±T^)^^<T^-Sr^Ki^^Tfe^^^, ego 

fttSo dag 1 2 i<D^m±mm<Da>^^ ^x-mm 

bTO££:&D, *^Pa©US^^^ ©#^15^^^^ 

<S> o 

[0 0 2 0] (3-2) SMD^figfflSl 3 
tt^TSMD£j$SBl 3 A s D A G 1 2 U!)SMD(Str 
ing Merge Diagram : ^ r U l 3 1 ££lS<; 

(^^^^"3 1) Sf, DAG 1 2 1 h V>?lZffl 
flbfl]fc:##PU *0*SIR4: LT^ r U >i^* MKStr 
ing Vector- S TV) 3 11 (0 6) £f#£ 0 * h U > 
^fc* D A G T-^ £ ft 5 ^m<D#i.ftMi&CD-7 — 2 X'M& 

[0 0 2 1 ] £lTD AGftT-±A>?>©{##|i§{;&£}#£& 
W55t©— o©t^(#iJx.«, 4MKl))a&U 

-^A^^SST-JlJoT^ 1 CD* h U >£'(;! ©«•£■& 

(A) )£Jfifcti-f £o ^T*fflffi©#^a>£©#ci£|18^ 

fStB#^©T73T-^#^< — ^©-o£ 

(Cl©»-&H:(B),(C),(D),(E))*ttitBr5o flJili 40 

(B) t-3V^TttJejS^(7)4»e)7-^*fcif-3T( 8 ) 
Slrttti-f $##© (9) {4IEEfflttS-rft-6 0T?c:^T*5i3 

ttfrfcl^o H5©DAGt*f LTf#e>*lfeS T VOfldJfe 
[ 0 0 2 2 ] (7r»r32) H3CS!) 4 I©^?^ 

rt% * h u>^©u-t;i/$^tiio &* r y ><?-© 



(8) W7- 1 1 0 7 6 8 
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y >^t;Bi/^i/07 h y >y*s-^-i>-^tiSid(c v 

t>m3itZX h y >^BStO«#H«t«-3^TiJift 
do &❖©* h y >^C«t?,^CDP|tDAGt-iS 

£ftS$<#W*#fc3 4: * h y >yra^tttt#H« 
£J#o£f>-5o /ti:x.(±"H6T-^ h y >^(A)©#^- 
(9)(±* h y >0 r (B)©*<fr(8)fcEI5CDDAG±«?!r 
IW«* J **©T?(A)fc(B)tt«c#S5«*^F*., (B)i: 
10 (C)«|#&&^ 0 =g-* h y ><7©u-s / /K^ s J;Cifgi^© 
a h y >^*©u^;wg^j; t>^* <^5J;afc^toSo 
[0 0 2 3] Sf*fi<J(^tt, Sf, JRffiffi©* h y >$r£ 

(A)iM*nti/^;nHA5o ^©JisfcrnT© 

(SMS £tt^-T5o *©K, Sfft 

fit©* r y >^C7- -^3— FAs^gT-fe-5 0 £ e>t, 

:o #x h y ><7©SMS(i, ^©* h y ><7©#^©isu;: 
jfobTfi< Ms©^ii-fb©fci*(c, *mj>^© 

't, £4>Sl^* r 'J >^"(A)S^ll/^ft^U^;b 1 £ 
[0 0 2 4] ^">T«{,£fii©l^;b©* h y >^(A)h 

i-'o M^t 1 ©^ h y >^-5^ttu^^©#x. 

>)>7XhV>tr, (B),(C),(D)i;i/^2 
*itw«.©^ h y >fi:ttflc?lFM«*WL5ft^^ h y > 

T©^ h U>^[;i/^tf4^^ 5 | t gy So 
[0 0 2 5] Urv73 3) *«C7ry7'3 3t < t 
* h 'J >^'©U^;i/«|gi:D AG 1 2 1 Kfc ii-f^ 

Sr^-TS^ h 'J >^'v-i/(51 (SMD) 1 3UMt 
io-C©SMD 1 3 IB:, 'J>1a:<tb. &ZbV>7& 

h y >« r H©«c*ii8«*m-r«*&wrso H7 

(D^mzteftMrnz^tzx b y >^©r a i-e«u^;i/*^ 
e>ffiu^;nc(q]^oTN{t6tL, 2 o©^ h y 
— ioc* h y >J't?-y^ H y ></©|3^tS>^C 

©u^©ft»*A>e>WA>-e*5j;-5t: % DAG121 

t«fcS*^©fl?#MflSt«c#L-C«»€,n-ri'>So * 

H6©^iJT-tt, ^ h y >^(B)(C)(D)tt^ r U > 
^(A)[c©^teS-r-5*^ ^h'J>^(E)lt xh'J> 



(9) 



15 

[0026] ( 3 - 3 ) **?y©3ev#i«ffi*at- 7 s 



^§S¥ 7 - 1 1 0 7 6 8 



16 



DAG 1 2 1 tSMD 1 3 1 

sag i 4©i¥*fflBiB^cDH5tx *^jffi^jt?{£ffl-rs 
[ 0 0 2 7 ] *mmmtzit^ ^<Dmum^n±s rn^ 

ir%x Y 'J >^ ^)H0r?- K (SM03-K) 
H (SMSu-H) i:©tt*ffifflu 

[ 0 0 2 8 ] iBg^«S©0J&EI 8 tiS-To Hfc:*^ 

t, SMS3-Kgf8iit 7°v?7^$:mmtz>mm 

<D7Y 'J>^©SMS3-K©«^7?*5o hU> 
^li-o©SMS3-K^U ^<3DSMS3-Klt 

[ 0 0 2 9] 0J£fc£, E8£^Lfc0|-£fcj:x ^hU>^ 
(B)©SMS3-F(6-6)lt SS-*^(7),SB-* 
^( 8 )ftC7-y^ J, y A )60*M*( 6 )6D««Cffl 

A^ni)H$:?iP*t-^o * h U >7(C)©SM 

S (9-12) It mi^il 0), Sg2«^(l 2W 
ZtX?fl7 Y »J >^(A)©*<^(9), ( 1 2)6Dt££fflU 
£;h,SCL £:£:^U ^MJ>^(D)©SMS (12-1 
2 ) fcfc, 1 14), jg 2 tflM*( 1 6 

cii^^h>j>^(B)(C)(D)(t ^fix** 
h 'J>y(A)(CLWR«*tLa^o 

[0030] f^tcg^Eig-r^^ a #HflE0y-r-tt, *s 



<fc3fcx ^h'J>^(A)(B)i:ft#t^ 0 ^^h'j> 

^(E)OSMS ( 1 2) (4. 7 Y »J >^(E)F«3©^ 
(13)$:, — ^(c&fcoT«\ ^h'J>^(A) 

10 fc(B)£ v-vLfc^tff z>tl&7 h 'J >^*^(D^^ 
( 1 2 )©«£#A£ft£o H7*ClWLTM'<fc,fc-5t;:* 

SMD^^*iJ^JqJ#^T-$>-g>o i¥oT, §^ h U >^CDS 

[0 0 3 1 ] SM03-Mt Zb V><y%<Dm&}frt> 

20 h "y>^S:©7-i;t5«*SSt5o ^ h V>?(DU 

©^1©^ h 'J>^ou^l/J;DB<4!5J;5t»«) 

^^ ffiCO^ h ] J U^)l<£>l&l^(Dfribl\mz~? — *J 

IH8CDSMOZJ — K8 2T(i, (A)A S U^:;H, 
30 (B),(C),(D)tfL/^;u2, (E)^U-c;i/3^6DT, S 

[ 0 0 3 2 ] SMOSttStSt^iftttSMD^ 

[ 0 0 3 3 ] /fejb\ ^ h U V^CDtUDeU^jb^VU-N: 

3 i»J PS ^ ti 3& l MS H £ * ^ * MS a T S C t fi * rI ft g t & o T 
50 [ 0 0 3 4 ] i^^M^J;^:, CCDJ;dt«»fc 
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SMSif t S MO £©*&*£■■&«, HftS^cafeVt: 
©*«fr©3£V*SU cne©flS:#x.sci: 

[0 0 3 5 ] (3-4) SMS#4:SMO £©«*»*,© 

ifr<fr?U©S£ 

Ctl^fr"^ *©tfe<fr5U*B£r.&;5ffi*SfcSo C 

Sfi^jT- (i c ©«it& ^^ij ^ ^ ;i/ =f u x a (c a -3 t 
fffi-rsfetoic *©«K*fjs&T *iiM^y£B£u **i 

6 £ t: Jiff- HSf? * -S\ ^omimm* ffljfc 
U ^©^M©AL^L$:i¥iffi1-§J;dt^oTi,i-5o 

[0036] c con^mm^mcommit, susmts 

o©T% Z ZTW3imm<D^M%:Z zx-mwir & 0 d© 
Siffiili, 0 1 ©*/fcfgfflMffigB 1 5rt©7D^7AB 

iru &xmtR£ntzx h u >f ssMsojt^tfieo 

[0037] 18 \Zty\k. IT^^ SM0 8 2 hSMS 
?5¥8 1 t*f,^J*Sit5Cli % »©«t-5K:fH« 30 

«t^o S-f SMOfr £&§!©;* HJ >^(A)£#IM-r 3 
4>*5!J*3lt) iti-T. ogft, SMD©&©;* h ij 
(D)£J&9£BU **l*«J5E-r4*« (1 4) £: (1 
6) k.(Dm*. <!©* b »J ><7©SMS (12-12) 
tfe-DT. £ biZX h V >-7{A)<D^ ( 1 2 ) ©f£(c 
7 -^S. SSBRfctt, St, ^ (14) £^ (i 
2) ©tCY-i/U -Z<Dmztii<$r (16) Jv-j/f 

* 0 -r&to-fev isjtx h u>^tjg-r-5#^ (H) t 
(i6) <Dmmtxti&z.te\,\ 0 z o Lxmtztem i (D 

Z b U >*'( 1 )-( 2 )-( 3 )-( 4 )-( 5 )-( 6 )-( 9 ) 40 
-( 1 1 )— ( 1 2 )— (11)- CL6J— ( l 8 )— ( 1 7 )fc 

[0 0 3 8] -oi,->t% SM0©$®7 h- U>^'(C)£Si 
DfflU ^©*h U>^^«fig-rs^ (10) £ (1 
5) SMS (9-12) icee-^T, £©»e,nfcSB 
l©*f&«e* h U >^'©^ti^ti/^ (9) , (12) 
©itV-yt5o Co LT*2©*rjfc!&:* h u>£>- 
(l)-(2)- ... -( 9 )-(l_0 )-( 1 l)-(i 2 )- * 

ai 



< 10 ) «fH¥7 - 1 1 0 7 6 8 
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*0_5J-(1 4)— (1 6)-(l 8)— (1 7)Sx^o 

fl/frfi** (7) „ (8)* N SMS(6-6)fc«e 
oTs C©SB2©«ffcft^ h 'J>^©ttfr-fr (6) ©»lc 
v-^LT(l)-(2)- ... -( 6 )-(JL)-(A)- 
(9)— ( 1 0)- ... -( 1 6)-( 1 8)-( 1 7)£;L 

So MJ>^(E)**fiR-f*ifr« (1 3) 

COSMS (1 2) Irfit^T, JS3©*ffcfc;* h 
©#^r (12) ©gJlcv-y UT*if*fi«jfc;* hU>^ 
' (l)-(2H3)-(4)-(5)-(6)-(7)-(8)- 
(9 )-( 1 0)-( 1 1 )-( l 2)-( 1 3)-f 1 5)-(l 
4)-( 1 6)-( 1 8)-( 1 7)*m%o Co UTS MS 
WttSMO ttpib, $}<fr?il<D&Zfifi, €&<$&■%<&&}£ t 
X&&£tltzo ^C'M^htlytLitAbT, ya 

y^^w^i 5 oj±, -t*x-?ti©*^s-^swrs^ 

t^*i:©7t>7y7'D^7A2 (Hi ) J; DD?t3i±i 
iTc i: iz £ & ^BRfciteveit fc^fUA* ^Sirn 

[0 0 3 9] (3-5) SMSili: SM0©^*?f#5tt 
SMOtlt^n^^ h U >i7"©v— ^JIIJy©-5 t>> |5] 
— ©U^ju©* h u >£-"©v— ^lUffttgMUT'fe, U- 
'^;^©^£^^^ h U >i7'{c ix^;u©^^^ h ij ^^^-v— 

\y^ji(D^ acommmxit, x y u >^'(b) 

( C )( D K ©MJ?£:A;ft,mx.T!gifc© SMO^SZi 
* s °r^T-^So Mf*e<]ictt, *^»JT-!±, JWTffl.fc-5 

[0 0 4 0] §7hU ><7©^©ffe©^ h ij >^cr) 
v - v^iStt^ DAG T'£!aE: ^ 5 ^^^©«e#M^ 
«fc D^^5W§®Hi*iT-^x.?)Ci:^T-#, -etifc^L; 

© m ^ s mi x. \z l t ^ 5 u 5 ©fi ^ ^ m Z> o 

^hy>^(B)ffl^(7)(8)t-oiM(t D 
AG±^(7 W8UD5£fc|l|?T£^fctt'&e ) ^ ^ 

^(8)*s( 9 )&K)9t\zm^t!i\to.\Sti.t>tii^h^oUm 
* s *3o t^T, ^ h l J>f(B)©^^(7),(8)i±, 
^ h U >^(A)±©$fesSA^e>^( 6 )©SS-C©aEHt: 

>^(A)t5sr-r5 SMSzj- Ktt, 0-0*^6-6© 
$5B (fc«ua#©#^ttffl*©»^ja±) T^HqJtfc 

[0 0 4 1 ] |H]«{C, ^ h U >^'(E)©^J^( 1 3 )©^ 
h V><7lZ*tTZ>SMS=i- (B)fi(A)t7-y 

ufcgra©^ h y>^±©4»^( 7 )*>?,( 1 8)©«6hit 

[0 0 4 2 ] 
[Si] 



(11) 
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SMO# 1 
SMO# 2 
SMO# 3 
SM0#4 
SMO# 5 
SMO# 6 

c: £ t?> s m o z ti % ©ji& zmzmmt 4 & 
ataman cast s * ©-£& ^t, s m 0 £#i±s, < 

[°°43] ( 3 - 6 ) S&jgfs^&g&jgffi l 4 

muzmv, mMm&fm.mmm^ 1 40*0.3* jut t 

—7)V3 >J XA(Breeder Algorithm)(#%Xji;[3] ) £0? 
^J'JXASfflutU?,., •3©i£l£lft7';U3'JX J 6> 

&*m-DXtf< &<dt~&2,o ^mmmte, z<dtji^v 



1 1 0 7 6 8 
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10 



>" 3. 



-^izmm-tio m^Xs «tt- 20 



bffli&s ttft!ftiroj:-5 55:iSfKfl<J7 , ;i/=3 'JXA-cffiffl^ 

vssiu ^©fites^-rs^--* 

tts BEfciB^fcSMSSiiSMOfcOjflT?**-,, 
[0044] (3-6-1) S0^ffi^©^M31 1 4 1 
SfffifeCDAG 1 2 1 tSMD 1 3 1 */B^T#J»!t£ 

ft©N{@©iif£ (^©^jT-tt^^ij©^^-) 

ill 40 1 (C*l«:SMS8¥tSMOi:*>e>&-5) ©£ 
S)cS:ff do W-y-Ts ^tl^tlOflfflcOjS/foa 1 4 4 1 * 
Iff 'J "f 5 o £■«*©=§ X K U > © S M S n - K fi, S 
MD (17) 7M3-7-y^DAG12 1f^ 

n a © v - ffi ■ © ^ m m m t * -3 u t a as? s ^ u 

>^**ne>OU^;i/JRt±83ufcSMD (1217) fre, 
SXt)fcBt"<> ftfigCU'VU 1 ©x h U >X> 4-©#iJT-& 
(AK *ffi!3f±lbfei:^(c{i, c©x h U >x&SMS 

>^*±l3SMD*>e,Sl!5ti5-ro S^tti^tltX h'J> 
Vteffif&tZfflktD-fii^^tvz. h U >^f*)©|6t>-|(gt 
SMDA^fKOtBto «lt)ffi*ilfe^O % ^©Xh'J 
>X©v-i;&x h U>X (CiittH7tS^^?,J;-5 
C, SMD C«fc O^S) ftO&B^ DAG 12 IT 

C 0 0 4 5 ] ^i:x.{i ! 12l7©SMDT^?tL4X MJ > 
*"©«^ I/^IW h U >X(A)&SMSn- K# 
Tg&©T'X*s>XU S-TU^;i/2©(B)t^D$a 
tfo d©X h U >*"© S/Sfcj* h ij i7|- S 
tSMDi>e,7 K 'J >^(A)T*4. X h U >i7'(B)© 



(A)(B)(C)(D)(E) 
(A)(B)(D)(C)(E) 
(A)(C)(B)(D)(E) 
(A)(C)(D)(B)(E) 
(A)(D)(B)(C)(E) 
(A)(D)(C)(B)(E) 

^l^(7)©v-~>-ffia©f^85Hii, I5CDAG 
121 *^ ^-^X h 'J>^(A)±0*^(1)*6 
( 6 JOIH&O-C, *©J6Bi»e>— oOY-yfif©^ 

( 8 JOv-^iSSOIfgJEHttX h 'J >X(A)±©, ift 
^(7)mizmiRLtc^(2)1b><b(6)£x-CDmx&Z>Z 
t&DAG 1 2 l^f,*J9lgcilS„ S£ot, C©#^ 
(8)ffl7-j/fifi:LT, *©MF«£«6Ha»&— 3©v- 
^fitg^ fetx(^(5)£7>ni:lW5 0 z<D 
ISMv C©-flaf*(cp-ri,#^-(B)©SMSrj— K*J(2 
- 5 )tife££;h,;fe 0 I^UTX b U >X(C),(D)OSM 
Srj-H*WJ«t^r4o *»fc(E)©ife*(l 3)© 
SMS 3- Kfc(A)fc(B UfcX h U>^( 1 ) 

-( 2 )— (7)— ( 3 )— ( 4 )-( 5 )— ( 8 )— ( 6 )— . . . — 
(1 8)— (1 7)±©4r*(7)jtpe,(i 8 )©Pp§t-7 >*'A 

can?-*-*. 

JO 0 4 6] §fflftOSM03-h'li, WAK, H8(C 

3X HJ >X(A)(B)(C)(D)(E)©|*k IH-U^l/t 
SfSXh»J>^ (^01?!lT-tt(B)(C)(D)) ©3 



30 



40 



50 



T-C*l£©x h U (4>©0>JT-fct(B)(C)(D)) ffll 
^ £ SLIK £ All ^ -T^fc*,, JfeCISiLfeSM 
0#£: ijm 5 6-3©SMOOl%m*»*a»-C38*C.i: 
i:&5o W±OJSS, — ^> ©■(!#;© SMSHi: SMOtf 

&m.X-$> N@^I D ig LT Nfi©f@i$:(c^j-r -SiifS^ 
«ai 4 0 1 -So 
[0 0 4 7] tfflft, : &«*to^^Tii^5S•*lt}fJ1-§ 

©^* s ®^SAsffi0 0 c©^Tifi?^©fc*!), ®i©a|SFfii 
SB 1 5rtcrDy5AIMl 5 0* s , €-«*©3gfE^ 

mm.fr z , s^-r i. xd 

-r^o ^©¥iiii«HJt^fe^^P)T-^>5o m 

fTgpi 5 1 *s, ^<Dn^ivt^^mtmm-nm2 o o 

0 (12) fc«fc!)£|*fc3SfT<sr-fr N ^TtlLtl^ 
aiSST 1 -^ 14 4 1 i: LTv 'ikcommcDtzlsblznmT 
[ 0 0 4 8 ] ^^Tffiftt-iioTfSIf**eft^LT^<o 

[0049] 0-6-2) mmymum 1 4 2 

JS»t±Tfll Jit Ni©l#t^ UTf# ^ N®© 

a^^as 140 itSLT, Sflrfisj&t .fcaafc&fcfr 
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v\ sc&'ikvmtztem&^mm 1402 ssat*, m 

Mi^mi^mHsLT 2> SMS r!— Kg¥&l,-> b S M 0 n — 

X-So ±IBP^fl^NCD^M$:x -?©III#;©l^3<,i3©;?. 
h U >£\ SM0ft©O3t->3©U^;i/©93;8-{3*f bT 

KOKJgfiti:i±s ■£©* N U >^i*i ©*$;£©#<££ 
i^-f^N v-^MJ>^lffl, ^©SMSAsjg^b 
TI^3fitB£v ^-TSjjiStaSUtt^CSMST- 

SSflflJ © Wgj* * (fet©SMS t5?-yfiil: 
*4#^«t O^t^fr-r^**^) 4> U < ttT8MM©l» 

H9(a)tt, S M S u — K £ RMB5 

T-&3( 1 0 )©SMS 3— K 9 ^h'J>^"(C)©v 

( 9 )<D±MWT-mmt 6 )i:Wt5Kgl6 £g 

[0 0 5 0] SMOOPgjffliiH:; SM0#^h"J 
>£f©3£V£, 8HF©j&fflUKfc£^fcfcS©BMg?-.a 

SM0©CtT-&£ o PJgffiStt, Ji,tBb©±sft{IJT-P 

^•2>#^iJ©^iJT-(is SMO(±6o©fi^|RSC:^*stti 31 

^tKbltftiz, *ll:SM0#l*e,SMO#6i: 
bTBglBbt^bfco ?Cf^Lfe6oOSMOfflt© 
56tfttS?S©^ttiLiSt^-pT^-5o SI9(b)tt, SM 

h 'J > ^(C)i;(B )©]!!#$: AiX#x, £flJ©SMO 
(dtiii^ 1 ©SM0# 1 icffi^-TS) S-E-ftfciBiHgf 

[ 0 0 5 1 ] JilTJMfcWfc, Cl(0«flfH!jR©iltt31SBi^ 

©*§£-© [sou T-;fc 3 o g;-r&«*fc:oivr> ?©7hu 

>^£l^;u©jllfc — MiRLtzX h U > 
W^Cout SMS OSItHt SWTO«lS*ff 

[0 0 5 2 ] d -5 LTi^r±iSK^tLT^S-o©^ h- y 
>^£> ^©* h y ^fr&JEffiBjRSiiT^a-- o© 50 



w qmw-i - 1 1 0 7 6 8 
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vim®-?- y ffi*o ±«sfflij cDi»gj r 4 v - ~>-jfi^ t js|- 

■*"4SMS^©gS£tS*-5o -f&to^ *©BHgjifi« 
^0*S**DAGtJ;t)fllF$ti4j{p&*iJ»fLx *f$ft5 

&5SMSP£;, 4»i:©S MO i: offline, «:4S»ffcaffil 
10 tc«jJB1ttft©<Bflcoa^i:Piak:urfT35:-5o ±©SM 

m&<D sms #jgjg-r s v-i?ttH©T»fiiJTi»ffi-r4 

v-yfii(;^t§ SMS -n©^M£|h] ^ j; -5 Izfrte 

do 

[0 0 5 3] ££,tc, W±*, Z<DM1RZtl1tX b >J> 
^©flb©**JcH LTffiJfctt 0 STc ^ b© & 

tctts $fe(C^fT^fLfcSMS©^g(i, ^jiu *rfcfc 
»^£§«-T^3«*©«i$g©SMSp£#b 
Tff^cdo C©<3 i:l±^©^f^(c|3-rsiUT©ffla 

«t t> SMS©i6M«ii^Tt--2) 0 

[0 0 5 4] 0>J*.« X 111 8 ©^ h y >^"P©^!)T-{±, u 
--^1/ 1 ©^ h y Vi'tA^SMSSt&iSwc^ + s/ 
7*b, k-T u^;i/2©^ h y ^>-©— o (b) ©ft#j© 

*«7IC»-r*SMS3-K-C*.?.6Sx ilffi©V-i5 
ft-^^ 6 <Z>±«E<H©WMg©ifr<fr 5 & ^ffig fctiS 
MSAtIf^ 0 C©SItt 4 DAGCtbtt^hflfS 
3 ^MT-$>3o lut, |SJt^ J> ij >^-©|b]DSMS£, 
^^6 ©T»ft#J©#^ 9£Y-ytltf5SMSl:$ 
S-T-5Ci:S:IS^SA J s 1^7(±, DAG{^J;t3, 
9 =t 9ft&c^fT£*Uakf& fj^lN^e,, C©v— i^ffiS 
©i^M«±ff^t)^^o -oOT-x ^hy>^(B)©^©^ 
t8i:itsn-F 6©^M^iS<^^o o^T-xhy> 
^"(C), (D),(E)©Jiit:Jttf. «c*s x ^h'j>^-(C) 
©llfflSMSn- tfltiifflicDiSfli^ 
HI 9 ( a Kc^ Lfe ti,* o T'&-5o 
[ 0 0 5 5] C©^(±, SMOSBSflfcgES-TSo S 
MO©P@HiE'N©^Sfc}\ SMOSb^©ffiu^>- 

^•©jiKzfT^do 0iJxK, i ©* h y 
fe-s^-^-i-ii, #©u^;u©^ h y >^©©v— 
tSb«cot, b^;u i ©-en £ ©fas©* h u >y© 

b©±«E(Wt:|»Ssf § S M 0 izft 
t5*©CJESt5. Sffi*!ia*©ffl<*:©7c©SMS» 
i:^ ^©«S»©SMOfc©fflt«tD**ixS«ffc«:ffl 

f*4f#-5o -©Ifffe^flilftfCOUTS^S:, 
iiicj; UI¥ffi-r-5o W±^S$S©Mtti b©T-flftflJTI9f.g 
t-5SMO(C^-rs*©(Ci2Mr.5o *©&, U-<;b2 
WPf©U^;i/©#^(coUT|5)#©MS?:-r-i)o I, 
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[0 0 5 6 ] #>Jx.&\ i8©^ h U >^CD0!Tt:Bu SM 
0©^ l u^;u^;b-rcD^ h »J >if (A) , M2 

h V >^iJ(D)-(C)-(B) J i3i/^ 
;i/£Oi/— rcD( E )(D)m\z^ti?tMD?)V— yftoix h u 

h u>^j(D)-(o-(B)s±aEiBij"ef«ffir4^ h u 

>^J(D)-(B)-(C)*TliM5^tt:J: D> P 
gfTS SMO^if^c tccd^2 ^cd 
* h U>^J(D)-(C)-(B)t»-r4»«CD^tBbT 
8f£ffllJl?IW»-r5^ h U>^5!»±ttMo CUT, -OCD 

[ 0 0 5 7 ] ^(D'fe, ft!iCDMf*(c:ov>TfR]#cDC h^-T 

2 tZtlthCDmfcm 1 4 4 2 £f#£ 0 
( 3 - 6 - 3 ) 5£Er— ;i/6D^ 1 4 3 

tfes— ^iRM<a©^#saiRb"C3Eiar--;i/s«^s;-r 

C CD3EiB7"— ;v ^ hftthz? >¥A lz N/ 2 <£>f@f* 
[2])o 

[0058] (3-6-4) 3cXf*^ 1 4 4 
0 4^MU *fte>©iSJ&JK 1 4 4 4 M3tt-f3o 3£ 

[ 0 0 5 9 ] SfSMS^-K^^t^^ SMO^ 

(^ftl) «*W©PaT-^(3D^ h U >^'©SMS3- K 

(&#2) «±&ffli*O^J5£*«iiE-r5fc»^*(3!)^ h 
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